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INTRODUCTION 

At  present  the  municipal  shops  located  just  south  of 
Blue  Island  Ave.  on  Ashland  Ave.  are  operated  hy  steam  and  elec- 
tricity in  part. 

The  machine  shop  of  the  Water  Pipe  Extension  Department 
is  operated  by  means  of  a  single  cylinder  double  actinfi;  non- 
condensing  engine.   The  power  is  transmitted  to  the  various 
machines  through  belts,  line  shafts  and  jack  shafts. 

The  shop  of  the  Police  Department  is  operated  by  means 
of  two  motors,  one  supplied  from  the  Chicago  Union  Traction  Com- 
pany's trolley  line  which  runs  down  Ashland  Ave.,  the  other  from 
the  Chicago  Edison  Company's  lines. 

The  saw  mill  and  wood  shop  of  the  Water  Pipe  Extension 
Department  is  also  operated  by  a  motor  supplied  current  from  the 
Chicago  Union  Traction  Company. 

Recogni'sing  the  fact  that  where  belt  drive  is  used  with 
inherent  line  and  jack  shafting  considerable  power  is  lost  in 
transmission;  it  is  proposed  to  operate  these  various  shops  by 
electric  motors  supplied  with  power  from  the  "Sanitary  District". 
It  is  believed  by  so  doing  money  can  be  saved  in  the  operation  of 
the  shops,  and  at  the  same  time  the  city  load  factor  will  be  in- 
creased which  will  also  result  in  a  saving. 

At  present  the"city''  night  load  is  considerably  in  excess 
of  the  day  load,  so  any  change  that  will  tend  to  balance  these  con- 
ditions is  desirable  as  it  will  allow  the  "city"  to  take  advantage 
of  the  minimum  twenty-four  hour  day  rate  which  the  "Sanitary  Dis- 
trict" is  offering. 
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With  this  object  in  view  and  considering  the  increased 
efficiency  with  motor  drive  a  thorough  study  was  made;  steain  and 
electric  tests  were  carried  out  in  order  to  ascertain  the  present 
distribution  of  the  load,  percentage  of  losses,  so  that  the  adapta- 
tion of  the  proper  size  raotor  to  the  various  macliines  or  piroup  of 
machines  could  he  most  economically  made. 

I  wish  to  submit  the  following  results; 


WATER  PIPE  EXTEESIOIT  DEPART!  11:1^1? 
MACHINE  SHOP 

PRESENT  MOTI'/E  PO¥EIR 

The  engine  which  drives  the  various  machines  vi-i:., 
shapers,  drill-presses,  lathes,  planers,  bolt  threaders  etc., 
in  this  shop  is  furnished  steam  frora  the  pumping  station  which  lies 
adjacent  to  and  north  of  the  shop.   The  steajn  is  conducted  through 
a  (6")  six  inch  main  from  the  "boilers  through  the  basement  of  the 
station,  across  an  area-waj'"  and  then  to  the  engine  a  distance  of 
about  350  ft.   This  results  in  considerable  condensation  and  loss 
in  pressure  which  gives  a  poor  quality  of  steam  to  the  engine. 
The  engine  is  located  on  the  north  side  of  the  building  quite  a 
distance  from  the  center  of  the  load  which  it  carries. 

LOCATION  OP  EACHIMES. 

The  various  machines  are  located  approximately  as  shown 
on  the  floor  plan  drawings  attached  hereto.   A  glance  at  these 
drawings  will  show  that  the  power  in  order  to  reach  the  machines 
must  be  transmitted  by  belts  and  shafting  over  two  floors  which 
are  about  125  ft.  square.   There  is  no  system  to  the  arrangement 
of  the  machines;  they  having  been  added  from  time  to  time  and  lo- 
cated in  the  most  convenient  rather  than  the  most  economical  position 

LOSS  13  TRAIISMISSION  AliD   FRICTION 

?rom  the  steam  test  which  was  conducted  on  this  plant  the 

total  and  sectional  transmission  losses  were  obtained;  w^ich  appear 

on  the  blue  print  attached  hereto.   An  examination  of  this  print 

will  show  the  total  transmission  loss  to  be  14.57  horse  power  which 
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if  expressed  in  terras  of  full  load  (average)  amounts  to  bTifo.     This 
loss  is  increased  when  the  machines  are  running  under  load  because 
the  tension  in  the  "belts  are  greater  and  the  loss  in  the  journals 
of  the  shafting  increases.   This  is  an  actual  loss  of  power  for 
which  the  "city"  is  paying  and  realising  nothing  in  return.  V.'ith 
the  present  arrangement  of  the  machines  this  loss  will  exist  as 
long  as  the  shop  is  running,  regardless  of  whether  the  machines  are 
"being  used  for  useful  work  or  not. 

SECTION  TRAi^lSHISSIOM  LOSSES. 

In  the  line  shafting,  belts  and  inherent  jack  shafting 
running  along  the  south  balcony  and  extending  to  the  pattern  room 
(see  floor  planj, there  is  a  loss  of  1.37  horse  power. 

In  the  shafting  and  belts  along  the  north  and  west  sides 
of  the  balconj''  there  is  a  loss  of  4.45  horse  power. 

On  the  first  floor  south  line  the  loss  amounts  to  .55 
horse  power,  the  foundry  line  1.95  horse  power  and  the  north  line 
and  engine  losses  6.25  horse  power. 

The  sectional  transmission  loss  cvirves  show  just  how  the 
loss  of  power  is  distributed  throughout  the  shop. 

LOAD  CURVE 

The  load  curve  of  this  shop  obtained  from  the  stean  cards 
show  an  average  of  24.9  horse  power  while  the  maximum  ran  as  higji 
as  30,7  horse  power. 

The  demand  at  times  is  considerably  in  excess  of  this, 
however,  but  the  engine  will  not  deliver  an  appreciable  amount 
above  the  maximum  demand  shovm  on  the  load  curve;  even  though  the 
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governor  be   adjusted  for  the  engine   to   take   steam  to   one-half    stroke. 

It   is  apparent    therefore   that    in   order  to  "be   able  to  take 
care   of  the  maximim  shop  load   at   present    and   also  allow  for  growth, 
a  larger  unit  must   be   installed   or   other  provisions  made. 
Water  Rate  —   The   average  amount    of   eteat:!   consumed  by  the   engine 
per   indicated  horse  power  hour  was   obtained  frojn  seventy  steam 
cards  which  is   20.877  pounds. 

PRESM-IT   COST   OP   POKIER 

The  pumping   station's  charge  to   the  V,^ater  Pipe  Extension 
Department   for   steam  furnished  in  the    operation   of  this  engine    is 
four    (4)   tons  of   coal  per   day  at   ^'2.60  per  ton. 

The  daily  cost    is  therefore    '^.eo  x  4  ~  :]10.40. 

The  weekly  charge   5-l/2  x  $10.40  =i?57.20 

The  yearly  charge   52     x     $57.20     «=:$-2974.40 
Steam  Hammer 

The   steam  hammer   operating   in  the  foundry  room  consumes 
13  cu.ft.    of   free   air  per  minute  for   every  100  pounds   of  falling 
weight    of  the  hammer. 

Capacity  of   the  hammer   15  00  pounds. 

Consequently  the   steam  consumed  per  hour  at    60  pounds 

gauge    or   74.7  absolute  pressure,    (basing   our  calculation  on  the 

theory  that   the   steam   obeys   the  law  of   a  perfect   gas)  will  be 

If 00  X  13  =:  208    cu.ft. 
100 

1  A.7   T  PORSr     41   cu.ft. 
74.7 

41   cu.ft.    X    .1785  X  60  ^    439  poxinds  per  hour.      In   as 
much  as  this  haimner  takes   stea^n  at   boiler  pressure   throughout    its 
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stroke  we  feel  safe  in  assumlngr.r30.1  =:  23  pounds  of  steam  will  be 

1.305 
consumed  per  horse  power. 

This  gives  us  429^19.05  H.  P.  furnished. 
Cost  per  Indicated  Horse  Power  Hour. 

If  we  assume  the  average  load  to  be  24.9  horse  power  in- 
dicated, and  working  an  eight  hour  day,  which  are  the  conditions 
in  this  shop;  the  horse  power  hour^on  the  engine  will  be 

24.9  X  8  ^199.2  H.P.  hours  per  day. 

The  steam  hammer  operating  an  average  of  one-half  hour 
per  day  will  consume  an  amount  of  steam  equivalent  to  9.525  H.P. 
hoiirs  per  day. 

The  total  horse   power  hours  per  day  are   208.725  H.P.Hrs. 

Per  this   amount    of  power  v;e  are  ciiarged   .'!1''10,40  which  is 

equal,   to  10.40  _  —    4.99^per  horse  power  hour  indicated   or   ^114.20. 

208.725 
per  horse  power  year. 

POmiDS  OP   STEMT  PER  POUMD   OP  COAL 

From  the  tabulated  data  obtained  fomthe   indicate*  diagrajns 
attached  hereto  we   obtained  20,877   as  the   average  pounds   of   steam 
consumed  per   indicated  horse  power    on  the   engine. 

The  steam  hammer  consumes  23  pounds  of  steam  per  indi- 
cated horse  power. 

This  gives  us  a  total  of  4379.5  pounds  of  steam  consumed 
per  day.  We  are  charged  for  4  tons  of  coal  per  day  or  8000  pounds 
which  makes   3000  —1.325  pounds   of   coal  per  poimd   of   steam  furnished. 

With  the  quality  of  coal  used  by  the  pumping  station  we 
feel  safe  in  assuming  that  at  least  four  pounds  of  steam  are  gen- 
erated per  pound    of  coal  burned. 
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The  price  charged  the  Water  Pipe  Extension  Department 
appears  therefore  to  be  sufficient  to  cover  the  expense  of  handling 
the  coal,  generating  the  steam  and  delivering  it  to  the  en^^ine  and 
hammer.   This  is  mentioned  here  to  show  that  the  charges  made  for 
power  is  not  excessive, 

COKDITIOM  OF  LOAD 

rrora  the  load  curve  which  shows  a  maximum  of  30.7  horse 
power  and  an  average  of  24.9  horse  power  we  obtain  a  factor  of 
approximately  81^^^.  This  hi^  percentage  is  due  to  the  fact  that  a 
man  is  stationed  at  almost  every  machine  in  the  shop.  Under  such 
conditions  of  operation  individual  motor  drive  will  not  prove  any 
advantage  or  saving  over  grouping  of  machines  if  properly  carried 
out. 

DRAINAGE  BOARD  VO'JIER 

Cost  —The  Drainage  Board  offers  to  the  city  a  net  rate 
of  $26.40  per  horse  power  year  with  the  privilege  of  using  it  24 
hours  a  day  and  365  days  per  year,  or  a  rate  of  v^l5.00  a  horse 
power  year  operating  for  eleven  hours  (average)  a  day  and  365  days 
a  year. 

These  rates  are  not  for  integrated  power  but  for 

maximum  demand. 

The  bills  are  rendered  each  month  and  cover  the  peak  for 

that  particular  month. 

The  cost  per  horse  power  hour  is  .301  metered  at  Western 
Ave.  and  31st  St.  which  is  the  location  of  the  Sanitary  District 
Sub  Station,  at  the  24  hour  rate. 
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The   transmission   loss   at   70Jo  power  factor   on  the  line 

which  will   feed   the   shops   is   so   small   that    it   has  "been  neglected. 
If   the    city   can   halance  the   day  and   night   load   so    as 

to  warrant   paying  for  power  24  hours   in  the   day,   the  above  mrnimura 

rate   can  then  be  talcen   advantage   of. 

Por  the  present    a  flat   rate   of   A.O2-I/2  per   integrated 

horse  power  hour   has  been   offered  by  the"Sanitary  District"   and   it 

is  this  rate   on  which  this   study  has  been  made   to   ascertain  the 

advisability  of   changing  to  motor  drive. 

MOTOR  EQUIPMENT 

PATTERN  ROOM 

The  pattern   room  contains  two  wood   lathes  10"  and   24" 

respectively  and   one   36"   band   saw.      These  machines   are  operated 

at  present   from  the  line    shaft   extending  along  the   south  balcony; 

the  power  being   transmitted   to   thera;    by  belts  to   an   additional 

line   shaft    and  three   jack   shafts;    the   latter   containing  drive, 

loose   and   cone   pulleys. 

Group   versus    Individual  Drive- 
in    order  to   drive   these  machines   separately  it  would 

require   on   the 

36"  band-  saw  a   2  H.P.   motor   cost      $63.00 

10"   wood  latheal"    ••  "  «  52.00 

24"      "  "         "    1/2  H.P."  "  42.00 

This  makes  a  total  cost  for  motors  alone  of  .fl57.00. 

To  drive  them  with  a  single  motor  of  three  horse  power 

capacity  will  cost  $72.00. 

I  recommend  the  latter  method  as  being  the  most  economi- 
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cal,    as   additional    shafting  which  will  "be   driven  v/hen    only   one 
machine   is   used  will   be   quite    light   and   consequently  the   loss   due 
to   this  wouldn't   pay   for   the   additional   investment    necessitatt^d 
by   individual   drive, 

I   recor/iniend   the   segregation    of  this   room,  from  the   rest 
of  the   shop:    first,    because   the  machines   remain   idle   for  days   at   a 
time,    second:    because   the  main   line   shaft    can  be   shortened  about 
25  ft.,    two   18"    iron  pulleys,    and   one   jack    shaft  v/ith  driving   and 
loose  pulley  can   be  put   out    of    service. 

I   estimate  this   to   reduce  the  transmission   loss   in   this 
section   50^€  or  a  saving  of    .685  horse  power  v/hich   am.ounts   in   one 
year  to   |?78.22,      This    alone  will  pay   for  t?ie   installation   and   leave 
a  net   balance   of   .;7.95.      This   is   in   excess    of   any   saving  that   will 
be  made    in    operation  with  electricit;^'   compared  v/ith  steara. 

SOUTH  EALCOKY  FA  CHI »  J"  S 

Group  versus  Individual  Drive. 

For   individual   drive   it   will   be  necessary   to    install 
on   the 

16"    speed  lathe   1  H.P.   motor   cost   $52.00 

15"         ••  »•         "    "    "  "  "  52.00 

lg«  II  II  II     II     II  n  11  52.00 

Total  156.00 

Grouping  will  take  1-3  H.P.  motor  t;-12.00. 

The  remaining  loss  in  this  shafting  after  removing  the 
pattern  room  is  .685  H.P.  which  amounts  to  $78.22  per  year. 

With  the  individual  drive  possibly  .5  H.P.  could  be  saved, 
or  $57.10  per  year. With  the  group  drive  .21  H.P.  which  is  the 
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difference   in  efficiency  in  favor  of   the  larpe   unit   would  be  saved. 

A  "better   arrangement   of  the   jack   shafts  and   the   removal 
of  the    36"   cast    iron   drive  pulley   on    the   line    s'naft   v;e  assume  v;ill 
save   at  least    .1   K,P,   which  amounts   to   $11.42  per   year. 

As   there   is    a  man   stationed   at    each    of  these   lathes  we  re- 
commend the   installation   of   the    3H.P.   motor.      The    saving  made   by 
individual  drive  v/ill   hardly  warrant   the    investing   of   the   difference 
in   the   cost   of   the  three  1  H.P.   motors  and  the   one   used  for  the 
group. 

130RTH  MW  WEST  LllffiS. 

On  the  north  and  v^est   lines   of  the  balcony  there   are 
operating 

12"   speed  lathe  requiring  l/2  H.P.   motor  .*42.00 


22"   engine      "  "1 

3-1/2"  pipe  machine  "  1 

12"  Buffing  wheel  "  1/2 

12"  emery             «  «  n 

22"  turrett   lathe  "  2 

22"           "                "  "  2 

18"  Speed             «  «  1 

16"        "                  .1  «  ]_ 

18"         "                  "  "  1 

18"   shaper          "  "  2 
Total 


52.00 
52.00 
42.00 
42.00 
63.00 
63.00 
52.00 
52.00 
52.00 
65.00 
^575.00 


In  driving   these  machines  as   a   eroup  will   necessitate 
the   installation   of  one   10  H.P.  motor,  cost      ?226.00. 

Assuming  a  loss    of  1  H.P.    in   jack    shafting  which  must   be 
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used  in  either  case  there  will  be  a  saving  of  3  H.P.  with  the  in- 
dividual drive  which  is  equivalent  to  f342.40  per  year. 

By  group  drive  there  can  be  thrown  out  of  service  the 
west  line  shaft  which  is  32  ft,  long  and  I-3/4  inches  in  diameter, 
with  3  cast  iron  pulleys  ranging  from  12"  to  24"  in  si?;e,  one  verti- 
cal  shaft  v/ith  two  (12")  twelve  inch  idlers  and  6  iron  pulleys  on 
the  north  line  shaft  ranging  from  12"  to  48"  diameter. 

Fe  estimate  this  saving  to  be  2  H.P.  which  amounts  to 
$228.40  per  year. 

There  will  also  be  a  saving  in  favor  of  the  higher  effi- 
ciency of  the  10  H.P.  motor. 

Hence  using  the  group  drive,  installing  one  motor,  the 
amount  saved  per  year  in  transmission  will  pay  for  the  investment 
and  leave  a  credit  balance.  This  is  excepting  the  amount  which 
will  be  saved  by  using  "Sanitary  District"  power. 

ELEVATOR 

The  elevator  requires  a  3  H.P.  motor  —  cost  ^72.00.   I  re- 
commend  a  separate  motor  for  this  elevator  because  it  is  used  very 
little,  possiblj'^  two  or  three  times  per  day. 

By  this  installation  the  transmission  losses  in  two  jack 
shafts,  belts  and  6  iron  pulleys  36"  in  diameter  is  saved  which 
is  .5  horse  power,  equivalent  to  $57.10  per  year.   This  saving  will 
almost  pay  the  cost  of  the  investment. 

EIRST  FLOOR 
SOUTH  LI^E  SHAFT 

Connected  to  this  line  shaft  there  are 
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26"  Drill  Press  requiring  2  H.P.  motor  $63.00 
20"  •'  "  •'  1  "  •'  M  52.00 
20"  "  "  "  1  n  I,  ti  52.00 
24"  Engine  Lathe  "  2  "  "  "  63.00 
24"  "  "  "  2  "  "  "  63.00 
16"  Speed  Lathe  "  1  ""  "  52.00 
28"x28"x7'  Planer  "  5  "  "  "  78.00 
42"  Grind  Stone  "  1  «  i.  "  52.00 
Total  t-475.00. 

For  group  drive  a  15  H.P.  motor  v/ill  be  required, 
costing  $255.00. 

This  shows  a  difference  of  $220. 00  which  the  first  cost 
of  the  individual  drive  is  in  excess  of  the  groixp.   The  total  trans- 
mission loss  .55  H.P.  is  $62.80.   Only  about  80;i  could  be  saved 
with  the  smaller  linits,  v/hich  wouldn't  warrant  the  investment  for 
small  motors.  The  present  transmission  loss  in  this  line  may  be 
appreciably'-  reduced  hov/ever  by  removing  the  11  iron  pulleys  ranging 
from  6"  to  36",  which  are  not  used.   Other  than  this,  the  only  sav- 
ing  here  v/ill  be  due  to  the  cheaper  electric  power. 

POU^mRY  LINE  SHAPT 

A  line  shaft  72  ft.  long  l-l/2"  diameter  extends  from  the 
machine  shop  through  the  wall  to  the  forge  shop  (see  floor  plan). 
This  shaft  v/ith  its  inherent  pulleys,  belts,  etc.,  can  be  removed, 
which  will  eliminate  a  loss  of  1.95  horse  power  and  result  ir.  a  year- 
ly saving  of  ^223.00. 

The  drill  press  attached  to  thic  line  can  be  moved  to  the 
north  shaft.   The  hydrant  lathe  however  is  advantageously  located 
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at  present  as  it  permits  the  hydrants  to  "be  easily  handled. 

I  recommend  a  slow  speed  (1140  R.P.I'.)  2  H.P.  motor  in- 
stalled here.  Cost  .'*'^79.00. 

The  emery  and  grind  stone  in  the  forge  shop  I  understand 
may  not  be  used,  however,  if  they  are  a  2  H.P.  motor  will  take  care 
of  them.   Cost  $63.00. 

Hence  it  is  seen  that  a  saving  of  $81.00  will  be  realized 
by  this  change  at  the  end  of  the  first  year  after  paying  for  the 
motors,  not  considering  the  saving  in  operating  expenses,  with 
electricity. 
Forge  Blower. 

The  forge  blower  which  is  belted  to  the  north  line  shaft 
through  a  jack  shaft  can  be  driven  by  a  3  H.P.  motor.   Cost  of 
motor  $72.00. 

I  recommend, however,  that  this  blower  be  placed  in  a  more 
accessible  position. 

NORTH  LI>IE  SHAFT 

The  shaft  belted  direct  to  the  engine  carries  a 
30"  drill  press  requiring  2  H.P,motor,^63.00 

6"  emery  wheel 
30"   drill  press    (trans. from  fourjdry  line^ 
3-1/2  bolt   threader 
3O"   engine   lathe 
70"  facing  lathe 
30"    engine   lathe 
20"    speed  lathe 
18"         "  " 


n 

1 

n     n 

•1 

52.00 

•t 

2 

n     II 

n 

63.00 

It 

1 

n     II 

n 

52.00 

N 

2 

11     n 

n 

63.00 

N 

2 

H.P. 

n 

63.00 

n 

2 

n     n 

« 

63.00 

N 

1 

n     ti 

n 

52.00 

« 

1 

II       H 

II 

52.00 

523.00 
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Forward  :!^523.00 

6"  drill  press  requiring  72H,P.motor  42.00 

Total  1565.00 

Saving  per  year  in  transmission  2  H.P.  228.40 

Cost  of  motor  investment,  end  of  first  year  336.60 

Group  drive  will  require  a  15  H.P,  motor.   Cost  255.00 

Estimated  transmission  saving  at  end  of  first  year,  by 
removing  idle  pulleys,  60"  drive  pulley  and  fan  jack  shafting 

1.00  H.  P.  $114.20 

Cost  of  motor  investment  end  of  first  year  140,80 

This  again  I  believe  the  better  method  when  the  saving 
in  efficiency  of  larger  motor,  and  original  investment  is  considered. 

STEAM  HAIU'TER 

The  advisability  of  operating  this  hammer  by  compressed 
air,  throwing  the  forge  blower  out  of  service  and  using  the  com- 
pressor also  for  the  forges  v;as  considered. 

The  forges  v/ill  take  at  4  ounce  pressure  3993  cu.ft.  of 
free  air  per  minute.  To  reduce  from  60  pound  pressure  per  sq.in. 
to  4  ounce  pressure  is  not  a  feasible  proposition. 

The  hammer  will  take  13  cu.ft.  of  free  air  per  minute 
per  100  pounds  falling  weight  of  hammer  when  used  intermittently. 

Weight  of  hammer  1600  pounds. 

Cu.ft.  free  air  per  minute  208  cu.ft. 

A  10"  X  12"  air  compressor  pumping  165  pounds  free  air  per 
minute  may  be  used  in  connection  with  reservoir,  to  handle  this  work. 
^  Cost  of  compressor     .   .  ^470.00 

Cost  of  32  H.P.  motor  to  drive  301.50 

Total  -12-  ''^-'^ 
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This  is  the  required  investment,  not  considering  cost  of  tank,  in- 
stallation and  operation. 
Alternat  ive.- 

If  this  hammer  is  furnished  steam  from  the  pumping  station 
and  we  are  charged  at  the  present  rate  viz.,   4.99  for  2.3  pounds 
per  hour,  the  operating  cost  will  he  ^.95  per  hour.   It  will  not 
average  being  used  more  than  l/2  hour  per  day  during  the  year.   The 
yearly  cost  for  steam  then  will  be  $135.90,   I  believe  the  latter 
method  to  be  the  better  and  cheaper. 

(The  main  steam  header  of  the  pumping  station  is  directly 
opposite  the  hammer.   It  is  feasible  therefore  to  run  a  main  from 
this  header  to  the  hammer,  s.  distance  of  about  75  ft.   This  is  sat- 
isfactory to  the  chief  engineer  of  the  pumping  station.) 

BRASS  F013HDRY,  PIPE  SHOP . 


The  machines  in  the  brass  foundry  will  require  a  3  H.P. 


motor. 


Cost  of  motor  $72.00. 

The  pipe  shop  requires  a  2  H.P.  motor  —  cost         6  5.00 
Total  135.00 

These  machines  are  at  present  operated  by  motors  (d.c.) 
furnished  current  v/hich  is  generated  locally. 

Lights  ~  We  have  allowed  $160.00  for  lighting  this  shop  which  is 
equivalent  to  125  lamps  taking  50  watts  -eoet^  burning  3  hours  per  day. 
We  feel  this  liberal,  for  a  machine  shop  of  this  character. 
Summation—  A  summation  showing  the  estimated  amount  that  can  be 
save*  annually  if  motor  drive  is  used,  is  to  be  found  in  the  con- 
clusion of  this  study. 
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POLICE  DEPARTI'IEMT 
MACHIilF.  SHOP 

The  machine  tools  of  this  shop  consist  of  a  20  inch  engine 
lathe,  16  inch  drill  press,  24  inch  shaper  and  a  hack  sav/,  all 
driven  from  a  line  shaft  vrhich  is  belted  to  a  3-l/2  H.P,  motor, 
operated  from  the "Chicago  Edison  System". 

A  combination  buffer  with  exhaust  blower  has  been  purchasec^ 
T/*iich  will  be  installed  in  the  near  future. 

The  test  made  here  shows  a  belt  transmission  loss  of  .27 
H.P,   The  cost  of  power  is  3-l/2  cents  per  kilowatt  hour.   This 
loss  in  one  year  operating  8  hours  per  day,  5-l/2  days  a  v;eek  and 
52  weeks  per  year  amounts  to  $21,50. 

At  the  Sanitary  District's  price  per  horse  power  hour  the 
yearly  loss  will  be  so  low  that  it  will  not  warrant  individual  drive. 

I  recommend  the  continued  use  of  the  single  phase  motor 
which  is  driving  these  machines  at  present. 

The  combination  buffer  and  blower  v/hich  is  to  be  installed 
will  require  a  3  H.P,  motor.  Cost  $72.00. 

TOOD  WORKIIIG  I'lACHlIilES  AND  BLACK  SMITH  SHOPS 

These  machines  are  driven  by  a  10  H.P.  motor  (direct  cur- 
rent), all  belted  to  one  main  line  shaft.   See  floor  plan  drawing. 
In  the  v/ood  working  department,  they  consist  of 

1-36"  Band  Saw. 

l-Hori2ontal  Wood  Drill 

1   -  Hub  Boring  Ilachine 

1  -  Vertical  Drill  Press 

1-24"   Sander    (drum  t^Ts). 
-14- 
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1  -  18"  Circular  Saw 

1  -  12"  Bu^-s;  Planer  &  Jointer 

1-10"  Wood  Lathe 

1-24"  Grind  Stone 

The  transmission  losses  in  shafting  and  belts,  determined 
"by  test,  are  2.25  H.P. 

This  motor  is  run  on  a  flat  rate  "basis  of  |;12.00  per  month 
or  |144.00  per  year.  When   this  rate  v/as  given  "by  the  Union  Traction 
Company  a  5  H.P,  motor  was  operating.   The  larger  motor  was  sub- 
stituted, but  no  change  of  rate  has  been  made. 

In  the  wood  shop  of  the  Water  Pipe  Extension  Department 
this  company  is  charging  the  "City"  5  cents  per  k.w,  hour;  the  motor 
being  operated  from  the  same  line  as  the  Police  Shop.  V'e  may  as- 
sume then  that  5  cents  per  k.w.  hour  or  :§3,1Z  per  horse  power  hour 
as  the  intended  charge. 

At  this  rate  the  loss  in  the  shafting  per  year  will 
amount  to  spl90.lO. 

The  working  all-day  load  (attached  hereto)  on  this  motor 
was  obtained  by  means  of  a  recording  instrum.ent ,  which  shows  an 
average  of  4620  watts.   On  the  present  flat  rate  basis  the  cost 
per  horse  power  is  only  vl.20  and  the  transmission  loss  amounts  to 
$52,40.   This  is  cheaper  than  using  Sanitary  District  power,  but 
is  due  to  the  facts  mentioned  above. 

OPERATING  COKDITIOES 

The  machines  in  this  shop  are  used  very  intermittently, 

the  planer,  band  sav;  and  sander  beinp;  used  the  most.   They  will 

however  never  be  in  service  simultaneously. 

In  order  to  eliminate  the  friction  losses  I  recOEi:::end  the 
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installation  on  the 


36"  Band  saw   ) 

)    a  3  H.P.   motor 
12"   Sander        ) 


Cost 


$72.00 


18"   Circular   saw) 


)    a  5  H.P.   motor 


cost 


79.00 
63.00 


3  H.P.   motor   cost 
2  H.P.      "  " 

«     n     n  II  II 


$72.00 
63.00 
63.00 

63.00 

261.00 


12"  Buz^  planer    ) 

The  rest    of  the  machines   on  a  2  H.P.   motor   cost 

Black   Smith  Shop 

Patrol  Elevator 

Forge  Blower 

Emery  Stone 

Fire  Bender 

16"  Drill  Press 

Threading  T-achine 

Total 

This  makes   a   cost   of   ^547. 00  to   equip  the   shop  with 
motors   as   recommended. 

The  cost    of   power   saved, estimated   80;f  of  the  loss  amounts 
to    $41.90  each  year  figured   on  the  flat   rate  "basis. 
PRESENT   OPERATING  COSTS 

The  yearly  operating  cost   of  this   shop   is 

Chicago  Edison  Bills   1907 

Chicago   Union   Traction 

Total  516.98 

Cost  of  "Sanitary  District"  pov/er  if  the  same  amount  is 
used  per  year  less  the  saving  in  friction  losses  pointed  out  above, 
will  he  $782.00. 

From  the  above  it  is  plainly  seen  that  present  operating 


^372.98 
144.00 
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costs  cannot  "be  reduced  by  a  rearrangement  of  the  shop ,.  Installing 
motors  for  individual  drive  as  outlined  and  the  utilization  of 
Sanitary  District  pov/er.   It  is  advisable,  however,  to  make  the 
change,  because  of  the  fact  that  the  Union  Traction  power,  coming 
from  a  trolley  line  is  unreliable,  dangerous  and  not  in  accordance 
with  the  rules  and  regulations  of  the"Board  of  Fire  Underwriters." 
The  Edison  pov/er  used  is  more  expensive  than  the  Sanitary  power. 

WATER  PIP?:  DEPARTJffEUT 
WOOD  SHOP  A"MD  SAW  FILL 

The  transmission  losses  in  this  shop  from  test  were  found 
to  be  .95  H.P. 

The  machinery  is  operated  but  a  fraction  of  the  day  and 
consequently  the  yearly  loss  can  not  be  accurately  determined.   It 
is  very  seldom  that  more  than  one  machine  is  used  at  once.  We 
estimate  the  friction  loss  to  amount  to  about  40/^  of  the  load.   The 
yearly  cost  of  operation  for  1907  was  r'123.50  which  makes  vf?49.40 
yearly  loss  to  the  "City." 

MOTOR  EqUIPH'IEI^T 

With  individual  motor  drive  and  utilization  ofHanitary 
District"  power,  transmission  losses  will  be  saved  and  the  cost 

much  less. 

I   recommend   the  following  installation   on   the 

36#  Band    b&W  2  H.P.   motor   cost                                    $63.00 

24"   Swing   saw  3    ' 72.00 

18"  Rip    saw  2    "    "        "             "                                          63.00 

24"  Wood   lathe  )  ^_   ^^ 

)2  H.P."  "  63.00 

Saw  Sharpener  &  Emery)  ^    -■.. 

Total  261.00 
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SERVICE 

In  order  to  grjt  t/i^  "Sanitary  District"  povrer   to  the 
motors  it  v/ill  be  necessary  to  make  transformer  installation  and 
also  cable  from  Blue  Island  Ave.  anc.  22nd  St.,  (where  their  lines 
now  terriiinate)  to  the  shops,  a  distance  of  816*. 

The  cost  of  3  -  30  k.v.a.  -  single  phase  60v.  1200  to 
2300  volts  self  coiled  oil  insulated  transformers,  delivered,  —at 
$322.24  each  is  $968.52.   3  single  phase  60v  2300  to  115-230  volt 
30  k.v.a.  self  cooled  oil  Insulated  transformers  will  cost  .'^703.95. 

TROSPOmCER  ROOM 

A  fire  proof  transformer  room  will  have  to  be  built  in 
the  Water  Pipe  Shop,  in  the  present  engine  room.   The  estimated 
cost  of  this  is  1^200.00. 
Cable  and  Ducts 

The  cost  of  the  cables  and  ducts  from  Blue  Island  Ave. 
to  the  shops  is  816'  x  ?^1.785  ~  -^1457.00. 
COST  05^  TRAMSKlSSlOi>!  LI1\'E 

The  portion  of  the  cost  of  constructing  the  transmission 
line  from  which  these  shops  will  be  supplied  chargeable  to  the  shops, 

is  assfollows: 

This  line   extends  from  the   Sanitary  District    sub-station 
at    31st   St.    and  T/estern  Ave.    to   22nd    St.    and  Blue   Island  Ave. 

It    is   carried  underground  from  V,'estern  Ave.    and   51st    St. 
to   Claremont    and  Blue    Island   ^ve.    a  distance   of  3100  ft. 

This  type   of   construction   cost    us   .?1.785   per  duct   foot 
with  cable  pulled   in  and  jointed  up. 

The  cable   is   a  three   conductor  #2/0  varnish  cloth  insu- 
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lated  with  lead  covering.   The  insulation  is  guaranteed  for  15000 
volts  operation. 

The  total  load  carried  on  this  transmission  line  is 
1609  k.v.a.   The  amount  carried  for  the  use  of  these  shops  is 
90  k.v.a.  estimated.   Consequently,  the  charge  to  he  made  to  this 
installation  will  be  as  shovm  in  the  follovang  calculations: 

3100'  X  $1,785  X  90  --$309.40 

V/ood   St.    and   Blue  Island  to   Ashland  Av,    and  Blue   Island  Av. 

1475'  X  $1,785  X  90  -  ^^  .n    on 

Cost  of  Aerial  work  from  Blue  Island  Av.  and  V7ood  St.  to 
Claremont  and  Blue  Island  Aves. 

aOOO'  X  s^l.05  X   90  =.$234.90. 

Proportion   of  cost   of  tunnels   chargeable   to   shops 

Illinois  &  I'ichigan   Canal   $24365.38 

Under  River  at  Western  Av.    11816.55 

36l5l.7'5 

36181.73  X  90     «  .^;168 .  50 
12      "     16T)9 

There   are  twelve  ducts  provided  in  these   tunnels.     V^e   are 

using   one.      These  figures  we   obtained  from  the   annual  report    of   1907 

of   the  Department    of  Electricity'-. 

ESTIIiATSP   COST   TIATERIAL   A^■D  LABOR 

Water  Pipe  Extension  Department  Ilachine  Shop 

Llaterial  -1030'    -   l/2  Conduit  $56.30 

975 t    >   3/4           «  72.00 

630'    -   1-1/2      "  78.00 

2870«    -  #14  D.B.R.C.  Wire  27.60 

2055'-  #12      "'•••"         '•  20«50 

254.40 
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Forward  ^254.40 

300'    -     #6  D.B.R.C.   Wire  7.80 

330'    -     #4    "    "    "    ••        "  11.65 

Service  Board  and  Miscellaneous  Material  226.15 

Labor  10  men   20  days  at   .^5.00  per  day  1000.00 

Total  1500.00 

Police  Shop  - 

2050«  -  #14  D.B.R.C.  Wire  16.50 

750(  -  #12  "  "  ""     "  7.55 

200'  -  #10  "  ••  '"•     ••  3.60 

600'    -   1/2    "    "    ""   Conduit  33.78 

Miscellaneous  Material  288.57 

Labor  500.00 

Total  850.00 

Water  Pipe  Yards 

Saw  T'^ill  Material   ad  Labor  $.500.00 

MOTOR  CHARACTERISTICS 

Attached  hereto   are  motor  characteristic    curves  on  motors 
from  1/2  horse  povirer  to   20  horse  power  capacity.      An  examination 
of  these  will   shov/  that    the  motors    of   the   various   leading  Mnfgr's. 
have  practically  the   same   characteristics.      Consequently  I    am  un- 
able  to   recommend  the   adoption   of  any  particular  manufacturer's  pro- 
duct.     This  will  have  to  be  determined  by  bid  and  delivery. 

SUI'!T.TATI0II 

Attached  hereto  in  tabulated  form  is  to  be  found  a  sunmiary 
e3cpressing  in'  dollars  and  cents  the  conclusions  I  have  drawn  in  this 
study;  which  are  based  primarily  on  data  obtained  from  act'.jal  test, 
and  partly  on  assumptions  made  from  standard  "American"  practice. 
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An  examination  of  this  data  v/ill  show  that  after  all 
motors  have  been  installed  and  in  operation  there  will  he  an  eati- 
mated  savirit:  of  57.  ^transmission  friction  losses,  which  if  express- 
ed in  money,  amounts  to  $815.53  per  year  at  the  present  cost  of 
power.  This  will  raise  the  total  "'Operating  efficiency  of  the  shops 
to  62.6jZwhich  I  believe  will  compare  quite  favorably  with  the  most 
efficient  shops  to  be  found  in  our  "City". 

In  ascertaining  the  cost  of  power  per  year  with  the  "Sani- 
tary District"  source  the  following  factors  were  considered,  vi^., 
losses  in  transmission  friction,  losses  in  motors  and  losses  in  the 
transformers  to  which  was  added  the  cost  of  the  net  load,  (this  load 
being  found  from  the  test).   The  transmission  line  losses  were  so 
extremely  small  that  they  were  not  considered. 

Each  shop  was  considered  separately  because  they  are 
maintained  and  operated  by  different  departments  and  consequently 
must  be  paid  from  the  appropriations  of  that  particular  department. 
In  this  way  the  amount  chargeable  to  each  department  may  be  found 
in  the  table. 
Machine  Shop  Water  Pipe  Extension  Department  - 

The  estimated  expenses  vi^,  the  cost  of  motors,  trans- 
formers installation,  (including  labor  and  material)  cable  and  ducts 
from  22nd  St.  to  the  shop,  portion  of  cost  of  transmission  line 
chargeable,  portion  of  cost  of  tunnels  under  the  river  and  canal 
amounted  to  $5362.20  to  make  the  charge. 

As  a  yearly  expense  we  must  carry  interest  at  4/^  on  the 


^y  operating  efficiency  is  meant  the  ratio  of  the  cost  of  useful 
power  to  the  cost  of  useful  power  plus  the  belt  friction  and  motor 


losses.  -21- 


cost  of  making  the  change,  maintenance  at  4^^   on  the  investment,  pro- 
vide a  sinking  fund,  (s;^  of  the  cost  of  making  the  change)  drawing 
interest  at  4^  compounded,  which  will  allow  a  complete  rehabilitation 
at  the  end  of  ten  years;  which  I  estimate  to  be  the  life  of  this 
equipment,  and  then  pay  for  the  power  used  which  totals  .^2317.10 

The  present  yearly  expenses  namely  the  cost  of  power  and 
maintenance  is  $3624.40. 

This  shows  a  net  yearly  saving  of  $1307.30  emd  certainly 
is  worth  consideration. 
Police  Shop  -  The  cost  of  installing  motor  drive  estimated  at$2454.82 

Yearly  expenses  to  be  carried  v/ith  motor  drive      1174.76 

Present  yearly  cost  of  operation  841.98 

Saw  Mill  -Water  Pipe  Department 

Cost  of  making  change  4  -  ■)•  ^  ^  -   $1131.65 

Yearly  expenses  to  be  carried  with  motor  drive  $239,30. 

Present  yearly  cost  -------  -^   273.50 

This  shows  a  sum  total  yearly  saving  of  ■f.1008.72  in  the 
operation  of  all  the  shops  with  "Sanitary  District"  power,  over  the 
present  method  of  operation. 

I  have  not  given  a  valuation  to  the  steam  engine,  and  D.C. 
motors  w4iich  will  be  replaced,  by  the  A.C.  motors.   There  will  also 
be  quite  a  few  pulleys  (iron)  and  steel  shafting  thrown  out  of 
service  on  which  may  be  placed  a  valuation. 

I  didn't  consider  it  necessary  to  value  this  material  to 
show  that  it  is  highly  advisable  to  change  to  motor  drive.   A  saving 


The  cost  of  operation  has  been  omitted  because  this  expense  will  be 
the  same  as  at  present . 
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of  24.6//of  the  present  yearly  cost  of  operation  with  an  expenditure 
of  only  $8948.67  is  the  main  item  of  consideration. 
Flexibility  in  Operation- 

The  rehabilitation  of  continuous  service  from  the  "Sanitary 
District  System"  is  as  good  if  not  better  than  the  present  drive, 
and  besides  this  an  element  of  flexibility  will  be  present  which  is 
not  the  case  now.   If  a  machine  or  belt  breaks  with  the  present 
method  of  operation  it  is  necessary  to  close  dovm  the  entire  shop 
until  repairs  are  made.  With  motor  drive  however,  the  motor  driv- 
ing the  particular  machine  or  section  in  which  the  damage  occurs 
may  be  stopped  without  affecting:  the  rest  of  the  shop. 

If  motor  drive  is  adopted  it  will  be  necessary  to  lay  out 
a  conduit  and  wiring  diagrasn,  locate  motors  and  controllers,  design 
platforms  to  contain  the  machines  and  specify  how  the  installation 
is  to  be  made. 

From  the  figures  I  submit  herev;ith  it  is  readily  seen  that 
motor  drive  is  advisable  and  I  strongly  recommend  it. 

APPEKDIX 

Heating  -  The  Water  Pipe  Extension  and  the  Police  Shops  are  heated 
by  steam  froio  the  pumping  station.   They  are  charged  for  two  -^ons 
of  coal  per  day  for  six  months  of  the  year.  V/ith  coal  at  $£.60  per 
ton  makes  a  cost  of  ;>1716.00  each  year  for  heating  these  shops.   If 
the  motors  are  installed  we  would  recommend  the  installation  of  a 
low  pressure  boiler  for  heating;  and  placing  the  motor  attendant 
in  charge  of  the  same. 

This  we  believe  can  be  done  at  a  very  low  figure  and  money 
saved  over  the  present  cost  of  heating. 
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October  19,  1908. 


Mr.  Wm.  Carroll. 
Dear  Sir: 

I  beg  to  submit  herewith  detailed  report  on  the  advisa- 
bility of  operating  the  municipal  shops;  located  on  Ashland  Ave. 
south  of  Blue  Island  Ave.  with  electric  drive,  asing"Sanitary 
District"  power. 

I  have  estimated  the  total  cost  of  making  this  change 
to  be  $8948.67,  while  the  yearly  saving  in  cost  of  operation  is 
$1008. 72.   This  credit  balance  remains  after  having  made  pro- 
visions for  rehabilitating  the  plant  at  the  end  of  ten  years, 
paying  4^  interest  on  the  money  required  to  make  the  change  and 
allowing  4/o  of  the  original  cost  of  the  \inits,  for  their  mainte- 
nance. 

The  present  and  estimated  expenses  have  been  tabulated 
in  detail  and  embodied  in  the  attached  report. 

These  conclusions  have  been  reached  partly,  through 
electrical  and  steani  tests  made  at  the  shops,  and  partly,  tlirough 
assumptions  based  on  standard  American  practice. 

Consideration  was  given  to  the  reliability  of  contin- 
uous service  from  the  "Sanitar;/'  District"  system  as  compared 
with  the  present  method  of  operation,  and  I  have  concluded  the 
former  as  good  if  not  better  than  the  latter. 

As  an  appendix  to  this  report  I  have  suggested  that  a 
low  pressure  boiler  be  installed  for  heating  the  buildings.  By 


\. 


so  doing  considerable  of  the  present  expense  which  is  $1716.00, 
could  "be  saved.   This  installation  would  not  require  an  extra 
attendant.   The  man  in  charge  of  the  motors  could  easily  fire 
the  "boiler. 

From  this  report  it  is  apparent  that  the  substitution 
of  motors  for  the  present  drive  is  quite  advisable  and  I  wish  to 
strongly  recommend  the  same. 

Awaiting  your  instructions  in  this  matter,  I  beg  to 
remain, 

Yours  respectfiilly. 
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